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.2013.04.0Abstract Presence of nitrofuran and chloramphenicol in farmed prawn and shrimp is a major con-
cern in the export sector of Bangladesh. Rejections of consignments by the foreign buyers have been
recurrent for the last couple of years due to detection of these banned antibiotics. The increasingly
complex requirements for food safety assurance and traceability set by major export markets rep-
resent a threat to the trade of this signiﬁcant sector. In this study, the status and trends of the pres-
ence of nitrofuran and chloramphenicol in freshwater prawn Macrobrachium rosenbergii (De Man)
and marine shrimp Penaeus monodon (Fabricius) and in their feeds in the Southwest coastal region
of Bangladesh were investigated. The prawn/shrimp farmers, feed manufacturers and feed sellers
were interviewed with well structured pre-tested Questionnaires. Antibiotic residues present in
the animal muscles, feeds and feed ingredients were detected using LC–MS–MS by the Fish Inspec-
tion and Quality Control Wing of the Department of Fisheries. The study reveals that farmers did
not deliberately use those banned antibiotics, but these chemicals were detected in manyM. rosenbergii
and P. monodon samples in 2008, 2009 and 2010, in both fresh muscles, pre-export and post-export
consignments. The percentage of contamination with this banned antibiotics in M. rosenbergii
samples were 17.74%, 22.89%, 13.60% and in P. monodon samples were 12.65%, 15.79%,
11.85% in 2008, 2009 and 2010 respectively. Antibiotic residue data of 2008, 2009 and 2010 showed:Group, Faculty of Science,
0, Brunei Darussalam. Tel.:
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52 M.N. Hassan et al.(i) contamination of nitrofuran and chloramphenicol was more in M. rosenbergii than P. monodon;
(ii) among four nitrofuran metabolites, nitrofurazone was found more frequently but in smaller
quantities in 2009 and 2010; (iii) contamination of nitrofuran metabolites was more in prawns
fed with commercial feed than those with home-made feed; and (iv) there has been a decreasing
trend of the presence of nitrofuran and chloramphenicol in prawn and shrimp of Bangladesh.
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Freshwater prawn (Macrobrachium rosenbergii) and marine
shrimp (Penaeus monodon) together represent the second larg-
est exportable item contributing about 3.74% to Gross Domes-
tic Production (GDP) in 2009–2010 in Bangladesh (DoF, 2011).
Targeting mainly for export, prawn and shrimp aquaculture
has been expanded very fast over the last decades. Presently,
246198 ha water areas have been brought under prawn and
shrimp aquaculture, out of which M. rosenbergii has been cul-
tivated in 60,053 ha ponds and P. monodon is cultivated within
186,145 ha areas (DoF, 2011). In the past, to maximize produc-
tion various antibiotics and chemicals like nitrofuran, chloram-
phenicol, malachite green, crystal violet, etc. were used in
prawn/shrimp aquaculture, both prophylactically and thera-
peutically (Nowsad, 2007; Shamsuzzaman and Biswas, 2012;
Hossain et al., 2013). On the other hand, in recent years, many
Southeast Asian prawn/shrimp exporting countries have been
facing difﬁculties in meeting the present food safety standards
of the importing countries. Since 2005, the number of notiﬁca-
tions of Rapid Alert System for Food and Feed (RASFF) post
forwarded by the European Commission (EC) has been in-
creased against exported seafood of many countries, particu-
larly for the M. rosenbergii (DoF, 2009). To meet the
requirements, the Government of Bangladesh (GOB) imposed
a voluntary suspension on the export of M. rosenbergii for six
months to EU countries executed from 20 May 2009 to 19
November 2009. In order to identify the source of contamina-
tion and prevent the entrance of banned antibiotics in the
shrimp value chain, the GOB has adopted various reforms in
shrimp/prawn sector. These include implementation of training
programs for the ofﬁcials of the Department of Fisheries (DoF,
2009) and the stakeholders of prawn value chain, strengthening
of monitoring activities under National Residue Monitoring
Control Plan (NRCP), testing of the presence of banned antibi-
otics in prawn meat, in different brands of feed and feed ingre-
dients in feed samples and adopting measures to implement
traceability in the total shrimp value chain (DoF, 2009).
In aquaculture, nitrofurans are commonly used as a growth
promoter and in the prophylactic and therapeutic treatments
of bacterial and protozoan infections such as gastrointestinal
enteritis caused by Escherichia coli and Salmonella spp., fowl
cholera and coccidiosis black heads (Draisci et al., 1997). In
1995, the use of nitrofurans for livestock production was com-
pletely prohibited in the EU (Commission Regulation, 1995)
due to concerns about the carcinogenicity of the drug residues
and their potential harmful effects on human health (Van
Koten-Vermeulen, 1993). After ingestion, nitrofuran parent
drugs are metabolized to furazolidone (AOZ), nitrofurazone
(SEM), furaltadone (AMOZ) and nitrofurantoin (AHD) rap-
idly and form corresponding tissue-bound metabolites (Nouwsand Laurensen, 1990). The half-life of this parent drug is
7–63 min. This instability results in rapid depletion of nitrofu-
rans in blood and tissue (Nouws and Laurensen, 1990). How-
ever, the formed metabolites (AOZ, AMOZ, AHD and SEM)
bind with the protein in the body and remain for many weeks
after treatment (Cooper et al., 2005). Therefore, tracing of
nitrofuran metabolites in prawn muscle, prawn feed and feed
ingredients is important for adequate control of these
contaminants. Since 2006, various agencies (DoF, Bangladesh
Agricultural University, Bangladesh Fisheries Research Insti-
tute, Non Government Organization, etc.) have been involved
in detecting nitrofuran drugs and other antibiotics in shrimp/
prawn products. The present study is a follow up research
undertaken to review and analyze the status and trends of
the use of nitrofuran drugs and chloramphenicol (CAP) in
the farmed prawns and shrimps and in their associated feeds
in the Southwest coastal region of Bangladesh.
Materials and methods
Study area and target groups
The study, based on questionnaire interview and participatory
appraisals, was conducted on prawn and shrimp farm owners,
prawn and shrimp feed manufacturers and sellers in Bagerhat,
Khulna and Satkhira districts, the Southwest coastal region of
Bangladesh (Fig. 1). The study area has been selected because
of its contributing role to the shrimp and prawn aquaculture
and frozen ﬁshery export. About 70% of country’s P. monodon
and 80% of total M. rosenbergii production are coming from
these three districts, which accounted for 70% of total
shrimp/prawn export in 2009–2010 (DoF, 2011). The target
groups for ﬁeld study were prawn and shrimp farmers, prawn
and shrimp feed manufacturers and sellers of the area.
Questionnaire interview and participatory appraisal
A total of 1197 prawn and shrimp farmers, 5 feed manufactur-
ers and 138 feed sellers were interviewed. Most of the intervie-
wees participated in the DoF detection programs of nitrofuran
and CAP in feed and muscle samples in 2008, 2009 and 2010.
The interviews were conducted with pre-tested questionnaires
developed for the study. Field studies, including rapid rural ap-
praisal (RRA), meeting with farmers, personal contact, pro-
duction related data collection, data validation through
cross-check interview, etc. were conducted with the help of lo-
cal level DoF personnel. Questionnaire survey was also carried
out on the veterinary medicinal drug (VMD) shops to get an
idea about selling of antibiotics for shrimp farming in the
study area. The study explained the status of such antibiotic
business and its market ﬂow.
Figure 1 Showing the study area of Bangladesh (Khulna, Satkhira and Bagerhat).
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Data on antibiotics presence in shrimp and prawn muscles,
feed and feed ingredients were obtained from the DoF (DoF,
2009, 2010; FIQC, 2010). Antibiotic residues present in the
animal muscle, feed and feed ingredients were detected by
the Fish Inspection and Quality Control (FIQC) wing of the
DoF. For the detection of nitrofuran metabolites and chloram-
phenicol, FIQC followed the method of US FDA/CFSAN
(2004) and Young (2003).
Pre-export and post-export consignment data
Total number of rejected consignment depending on the pre-
export test result and the number of consignments rejected
by the importing countries i.e. post-export rejected consign-
ment due to the presence of antibiotic metabolites were col-
lected from the FIQC, Khulna (FIQC, 2010).
Statistical analysis
One-way analysis of variance (Steel and Toorrie, 1980) was
used to compare the values. Least signiﬁcant difference at
P< 0.05 was used to determine signiﬁcant differences between
values.
Results
The primary data collected by different methods (question-
naire interview, RRA, meeting with farmers, personal contact,
data validation through cross-check interview) were analyzedto determine the trends of utilization of antibiotics in farmed
prawn and shrimp and to come up with suggestions and rec-
ommendations to stop or control antibiotic abuse. Year-wise
trends of contamination of prawn and shrimp by banned anti-
biotics are given in Table 1. Out of 62, 83 and 125 M. rosen-
bergii samples tested in 2008, 2009 and 2010, a total of 11,
19 and 17 samples were detected with banned antibiotics above
maximum residual limit (MRL), respectively. The percent of
contamination with banned antibiotics were 17.74, 22.89 and
13.60, respectively in 2008, 2009 and 2010. The percent con-
tamination of P. monodon, on the other hand, was 12.65,
15.79 and 11.85 in those years respectively. Out of 79, 152
and 135 P. monodon samples tested, 10, 24 and 16 samples
were detected with banned antibiotics in 2008, 2009 and
2010 respectively. Although once increased in 2009, the degree
of non-compliance sharply decreased (p< 0.05) again in 2010
in both freshwater prawn and marine shrimp muscles (Table 1).
The level of contamination in terms of percent non-compliance
was signiﬁcantly lower (p< 0.05) in P. monodon than M.
rosenbergii. The data obtained in Table 1 also support the ofﬁ-
cial records of rejection of consignments (DoF, 2010) where
most of the rejections were reported with M. rosenbergii and
the number of rejection also decreased in 2010 compared to
previous years, as shown in Table 1.
Different types of nitrofuran metabolites were found in dif-
ferent animal samples in different levels. In some cases more
than one metabolite were found in one or more samples. The
range of the detected levels of metabolites is given in Table 2.
In 2008, a total of 141M. rosenbergii and P. monodon samples
were tested, where 21 samples were found contaminated with
banned antibiotics. Out of 21 samples, AHD was detected in
17 samples (80.90%) and remaining 4 samples were found with
Table 1 Year wise trend in antibiotic contamination of prawn and shrimp muscle and percent non-compliance.
Sample animal muscle No. of sample tested No. of contaminated sample* (% non-compliance in parenthesis)
2008 2009 2010 Total 2008 2009 2010 Total
M. rosenbergii 62 83 125 270 11 (17.74)c 19 (22.89)d 17 (13.60)ab 47 (17.40)c
P. monodon 79 152 135 366 10 (12.65)a 24 (15.79)b 16 (11.85)a 50 (13.66)ab
Total 141 235 260 636 21 43 33 97
Source: DoF (2009, 2010) and FIQC (2010); percent non-compliance values with different.
Superscripts differ signiﬁcantly (P< 0.05).
* All are above MRL (Maximum Residual Limit); MRL for nitrofuran metabolites = 1 ppb; MRL for CAP = 0.3 ppb.
Table 2 Level of nitrofuran metabolites and chloramphenicol (ppb) in shrimp and prawn muscles.
Year Types of antibiotic/metabolites No. of contaminated sample* Range in ppb % non-compliance
2008
n: 141
SEM ND ND ND
AHD 17 1.16–11.29 80.95
AOZ ND ND ND
AMOZ ND ND ND
CAP 04 0.4–40.21 19.05
2009
n: 235
SEM 16 1.07–4.76 37.21
AHD 08 1.03–10.75 18.60
AOZ 06 1.17–39.37 13.95
AMOZ 01 11.30 2.33
CAP 12 0.31–6.49 27.91
2010
n: 260
SEM 18 0.55–12.60 54.55
AHD ND ND ND
AOZ 02 1.06–3.54 6.06
AMOZ ND ND ND
CAP 13 0.08–1.91 39.40
Source: FIQC (2010); ND – not detected.
* All are above MRL except one sample contaminated with CAP in 2010; MRL for nitrofuran metabolites = 1 ppb; MRL for CAP = 0.3 ppb.
54 M.N. Hassan et al.CAP. In 2009, the frequency of AHD contamination was de-
creased, while that of SEM was increased along with the detec-
tion of AOZ and AMOZ. Frequency of utilization of
chloramphenicol distinctly increased from 19.05% in 2008 to
27.91% in 2009. Out of 43 detected prawn and shrimp samples,
16 samples were with SEM (37.21%) and 12 samples were de-
tected with CAP (27.91%), while AHD was with only 8 sam-
ples (18.60%), AOZ was detected in 6 samples (13.95%) and
AMOZ was found in only 1 sample. The frequency of SEM
and CAP contamination was further increased and AHD
was found to be nil in 2010. Out of 33 detected samples in a
total of 260 analyzed samples, 18 were contaminated with
SEM (54.55%) and 13 were with CAP (39.40%). Only 2 sam-
ples were detected with AOZ but not a single one was found
with AHD and AMOZ. Although AHD dominated in prawn
and shrimp muscles in 2008, it dropped to nil along with
AOZ and AMOZ. But on the contrary, SEM became domi-
nated along with CAP in the animal muscles in 2010.
One hundred and thirty eight feed samples of different
brands and batches were studied during the years 2008, 2009
and 2010 (Table 3). A total of 52 samples were collected and
tested in 2008, 36 samples were tested in 2009 and 50 samples
were tested in 2010. Sampling of different batches was some-
times overlapped in the successive year. In total and during
the 3 years, 29 samples of different brands contained antibi-
otic, while 119 samples were completely free from antibiotic.
About 82% reduction in the percent of non compliance was
noticed in the samples in 2010. Percent of non compliancedropped to 6% in 2010 from 33.33% in 2009. Presence of anti-
biotics in pre-export and post-export consignments is pre-
sented in Table 4.
In 2008, a total of 1409 pre-export consignments were
tested by the FIQC laboratory. Out of 1409 consignments,
118 (8.37%) were found to be contaminated with banned anti-
biotics above MRL in 2008. In 2009 however, a total of 2230
pre-export consignments were tested where 182 consignments
(8.16%) were contaminated with banned antibiotics (Table 4).
In 2010, out of 2098 tested consignments, only 122 were found
to be contaminated with antibiotics. Percent non-compliance
reduced to 5.81% in 2010 from 8.37% in 2008 (Table 4).
The data of rejected consignments by the EU health authority
obtained from the FIQC (Table 4) were also analyzed and
found that in 2008, 2009 and 2010, out of 1291, 2020 and
2254 consignments, 18, 44 and 0 consignments were rejected,
respectively in those years. Worthy of relevance is the fact that
no consignment was rejected in 2010 for the presence of
banned antibiotics. Furthermore, out of the 62 rejected con-
signments in 2008 and 2009, 30 received ‘‘Overseas test results
and causes of rejection’’. Secondary data conﬁrmed by the
FIQC suggest that all of those 30 consignments were rejected
due to the presence of SEM metabolite (FIQC, 2010).
In order to review and analyze the status and trends of the
use of nitrofuran and chloramphenicol in shrimp/prawn farm-
ing, a total of 725 interviews were done with P. monodon farms
during 3 years (2008, 2009 and 2010). Among the 725 contacts
made, 50 reported contamination with antibiotic residues
Table 3 Comparative study of non-compliance in commercial feed samples during 2008, 2009 and 2010.
Year No. of feed sample tested No. of contaminated samples* % of non compliance
2008 52 14 26.92
2009 36 12 33.33
2010 50 3 6.0
Source: FIQC (2010).
* All are above MRL.
Table 4 Status of banned antibiotics in pre-export and post-export consignments.

















2008 1409 118 8.37 1291 18 1.39
2009 2230 182 8.16 2020 44 2.17
2010 2098 122 5.81 2254 00 00
Source: FIQC (2010).
* All are above MRL.
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made with M. rosenbergii farms. Among the 472 contacts
done, 65 inquires reported the existence of contamination with
antibiotic residues above the MRL (Table 5).
Questionnaire survey revealed that out of 1197 intervie-
wees, 472 (39.43%) used commercial feeds (CF), 337
(28.15%) used homemade feed with organic and inorganic fer-
tilizers (HFOIF), such as cow dung, poultry litter, urea, triple
super phosphate, murate of potash etc. Another 256 inter-
viewed farms (21.38%) used only organic and inorganic fertil-
izer (OIF) and 11.02% interviewed farms were operated by
without use of any feed and fertilizer (WFF), as shown in
Fig. 1. When the questionnaire interview data on differentTable 5 Presence of antibiotics in different types prawn and shrim










2008 Farms fed with CF 27 0 0 F
Farms fed with HF-OIF 27 8 29.62 F
Farms fed with OIF 33 Nil 0 F
Farms without feed/fertilizer 75 Nil 0 F
2009 Farms fed with CF 63 5 7.93 F
Farms fed with HF-OIF 47 3 6.38 F
Farms fed with OIF 31 18 58.06 F
Farms without feed/fertilizer 17 Nil 0 F
2010 Farms fed with CF 162 14 8.64 F
Farms fed with HF-OIF 121 Nil 0 F
Farms fed with OIF 82 2 2.43 F
Farms without feed/fertilizer 40 Nil 0 F
Total 725 50 – T
CF= commercial feed, HF-OIF = homemade feed with organic and ino
* All are above MRL.types of farms were compared with the residue detection anal-
yses of the FIQC, it was observed that in 2008, all of 27 P.
monodon farms fed with CF were free from antibiotic contam-
ination (Table 5). In the case of farms fed with HF-OIF, out of
27 farms, 8 farms were contaminated with antibiotics at the le-
vel above MRL, while the rest of 19 farms had antibiotic res-
idues below MRL (Table 5). Thirty three farmers used only
OIF and 75 farmers did not use any feed or fertilizer and these
two types of farms were free from antibiotic contamination.
Culture of those 75 farms depended only on natural feed and
these exclusive shrimp farms were found to be free from anti-
biotics. All of the 27 M. rosenbergii farms fed with CF were
contaminated with nitrofuran residues and CAP at the levelp farms in 2008–2010 in South-western region of Bangladesh.
. rosenbergii





arms fed with CF 27 27 100
arms fed with HF-OIF 27 Nil 0
arms fed with OIF 33 Nil 0
arms without feed/fertilizer Nil Nil 0
arms fed with CF 39 10 25.64
arms fed with HF-OIF 23 7 30.43
arms fed with OIF 15 03 20
arms without feed/fertilizer Nil Nil 0
arms fed with CF 154 16 10.38
arms fed with HF-OIF 92 Nil 0
arms fed with OIF 62 2 3.22
arms without feed/fertilizer Nil Nil 0
otal 472 65 –
rganic fertilizer, OIF = organic and inorganic fertilizer.
56 M.N. Hassan et al.above MRL. But in the case of farms fed with HF-OIF and
OIF, none of the farms were found to be contaminated with
any of the antibiotics. In 2009, out of 63 P. monodon farms
fed with CF, 5 farms were contaminated while out of 47 fed
with HF-OIF, 3 farms were contaminated. Thirty one farmers
used OIF where 18 farms were found contaminated. Seventeen
farmers did not use any feed or fertilizer and all of these farms
were free from contamination. In the case of M. rosenbergii,
the number of observed farms fed with CF, HF-OIF and
OIF was 39, 23 and 15. Among them, the numbers of contam-
inated farms were 10, 7 and 3, respectively. M. rosenbergii
farms could not be operated without feed and fertilizer. In
2010, in the case of P. monodon, 14 farms were contaminated
out of 162 farms fed with CF and 2 farms were contaminated
out of 82 farms fed with OIF. One hundred and twenty one
farmers used HF-OIF and 40 farmers did not use any feed
or fertilizer and these two types of farms were found to be free
from antibiotic contamination. On the other hand, in the case
of M. rosenbergii, 16 and 2 farms were contaminated out of
154 farms fed with CF and 62 farms fed with OIF, respectively.
Ninety two farms were fed with HF-OIF and all of them were
found to be free from contamination.
Seventy two contaminated farms of P. monodon and M.
rosenbergii those used CF and 18 contaminated farms of P.
monodon and M. rosenbergii those used HF-OIF in 2008,
2009 and 2010, as shown in Table 5, were further analyzed
to detect the types and range of antibiotics and metabolites.
The results are presented in Table 6. It was observed that in
the case of the farms fed with CF, nitrofuran metabolite –
SEM and CAP, although found in maximum number of farms,Table 6 Types and residue range (ppb) of detected antibiotics and m
made feed with organic and inorganic fertilizer (HF-OIF).






* No. of contaminated farms in parentheses; ND – Not detected, Source
























CF (472) 41.31 4.23 0 10
HF -
OIF(337)
39.76 4.15 5.93 8
OIF (256) 19.92 0 9.76 15
WFF (132) 10.56 0 0 0
(*) = Number of farms interviewed in parenthesis.
CF = commercial feed, HF-OIF = homemade feed with organic a
WFF= without feed and fertilizer.but were in very small quantity, while two other nitrofuran
metabolites, AOZ and AMOZ were found in alarmingly high
quantities, as high as 40.21 ppb (Table 6). In the case of the
farms fed with HF-OIF (Table 6), SEM was found in 12 farms
in lesser quantity and AMOZ was completely nil in shrimp/
prawn muscles. However, AOZ was slightly higher but overall
the antibiotic contents were distinctly lesser in farms with HF-
OIF compared to those with CF.
In order to correlate the antibiotic contaminations and res-
idue level with the farming practice, the conditions of prawn
and shrimp farms in Khulna, Bagerhat and Satkhira regions
were investigated through questionnaire interview. The results
are presented in Table 7. Farms were categorized based on feed
administered, as CF, HF-OIF, OIF and WFF. It was observed
that most of the CF operated (41.31%) and HF-OIF operated
(39.76%) farms were fed with agricultural waste water, while a
few of them (4.23% and 4.15%, respectively) were fed with
industrial waste water. Algal blooms were not found, except
in OIF (9.76%) and HFOIF (5.93%) operated farms. The
farms were completely devoid of open toilet. A few CF
(12.78%) and HF-OIF (11.86%) farms were found to use vet-
erinary medicine, other than nitrofuran and chloramphenicol,
for treatment of disease. Many M. rosenbergii farms were
found to use extra feed like bread, ﬂour and boiled rice
(9.32–16.61) or snail meat (32.62–37.98%).
Discussion
Antibiotic residue monitoring data of 2008, 2009 and 2010
when compared with the questionnaire survey results of theetabolites found in farms with commercial feed (CF) and home-



























.59 0 12.78 9.32 32.62
.90 0 11.86 16.61 37.98
.62 0 0 0 0
0 0 0 0
nd inorganic fertilizer, OIF = organic and inorganic fertilizer,
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ter giant prawns were more frequently contaminated with
nitrofuran and chloramphenicol than marine shrimps; (ii) lev-
els of nitrofuran and chloramphenicol contaminations de-
creased in 2010 in both prawn and shrimp compared to 2008
and 2009; (iii) among the 4 nitrofuran metabolites, SEM was
more frequently found but in lesser quantities; (iv) prawns
raised in farms fed with commercial feed were contaminated
with nitrofuran metabolites more than prawns raised in farms
fed with home-made feed with organic and inorganic fertilizer
only; (v) farms operated without feed or fertilizers had no such
antibiotic contamination at all.
On the other hand, the questionnaire survey revealed that a
few CF farms (12.78%) used veterinary medicines other than
nitrofuran and chloramphenicol, like oxytetracycline for treat-
ment of disease or other purposes (Table 7). In such situations,
questions arise concerning how these nitrofuran drugs got into
the prawn and shrimp muscles. One possibility was that nitro-
furans might have transmitted to prawns and shrimps through
ingestion of contaminated aqua feeds or ingredients used in
feed. This study observed that (Table 5) shrimp/prawn raised
without feed/fertilizers had no antibiotic contaminations and
those raised in HF-OIF had a lesser level of residual nitrofuran
metabolites compared to those raised in CF farms. Such evi-
dence of less residual results further strengthened the assump-
tions that the CF might be a source of antibiotic residue
deposition in prawn muscles. The HF-OIF was prepared by
mixing local ingredients with small amount of CF. Therefore,
that CF might be the source of lesser residual metabolites and
because of small quantity of CF used in HF-OIF, the residue
level was also low in farms with HF-OIF.
During this 3-year study, the level of SEM in shrimp/prawn
muscles was found to be increased, in contrary to the reduced
levels of other metabolites. Many researchers in Asian coun-
tries have also detected SEM in many crustacean muscles
(Pereira et al., 2004; Saari and Peltonen, 2004). But, in fact,
the validity of SEM as a deﬁnite marker for veterinary antibi-
otic nitrofurazone has been questioned because of the discov-
ery that SEM may arise from the sources other than veterinary
antibiotics (Bock et al., 2007). In few occasions (9.32% in CF
and 16.61% in HF-OIF operated farms), farmers were found
to use bread/ﬂour in the prawn farms as feed directly or as a
feed ingredient with homemade feed (Table 7). So there might
be a possibility of SEM contamination from these ﬂour mate-
rials. SEM has been reported to be formed during the baking
of bread (Becalski et al., 2004, 2006) and ﬂourcoated poultry
products (Hoenicke et al., 2004) and also when azodicarbona-
mide is used as an additive in ﬂour. It was revealed by the ques-
tionnaire survey that 32.62% of the prawn farms operated
with CF and 37.98% of the prawn farms operated with HF-
OIF were supplemented by snail meat (Table 7). Further,
5.93% HF-OIF operated and 9.76% OIF operated farms were
found with algal bloom (Table 7). The possibility of SEM
transformation from these sources into aquaculture water, sed-
iments and animal muscles should be investigated. Researchers
observed SEM formation in starch and egg white powder and
also in carrageen (a seaweed extract used as a food additive),
treated with hypochlorite solutions containing 12% active
chlorine (Hoenicke et al., 2004). Farmed crustacean ﬂora
may often be contaminated by SEM naturally because SEM
naturally occurs in many crustaceans like shrimp, prawn and
crab (Pereira et al., 2004; Saari and Peltonen, 2004). Conduct-ing research over 50 Rapid Alerts issued by the RASFF for
Bangladesh, Poucke (2010) and Kennedy (2010) concluded
that SEM was present as a natural component in the shell
and the meat of all crustacean species from crabs to langous-
tines and shrimp. The metabolic route for its production in
shrimp/prawn could not be conﬁrmed, but a fundamental role
in protein synthesis was thought to be one of the possibilities
(Kennedy, 2010). This has generated queries over suitability
of SEM detection as a test for the presence of nitrofuran in
crustacean muscles (Hoenicke et al., 2004). Data on post-
export rejection of Bangladeshi prawn (Table 4) revealed that
out of 62 rejected consignments 30 were rejected only due to
the presence of SEM metabolites. Before such rejections it is
worthwhile to conﬁrm that the SEM is truly descending from
veterinary nitrofuran sources. A possible solution, as suggested
by Kennedy (2010)) would be to analyze the SEM content in
the inner core meat of prawn/shrimp, because the SEM de-
tected in wild prawns was surface-associated and the SEM
content in the inner meat was well below the MRL (1 ppb).
It is assumed that the nitofuran drugs have been used in farms
to reduce or stop bacterial contamination, so that the popula-
tion of Salmonella spp. or Vibrio spp. can be kept at a safer le-
vel. Furazolidone is used for the treatment of infectious
diseases caused by E. coli, Vibrio cholera and Salmonella spp.
in cattle, swine, ﬁsh, prawns, and poultry (Cooper et al.,
2004; Finzi et al., 2005; Szilagyi and de la Calle, 2006) and also
to prevent and control bacterial and protozoan infections such
as fowl cholera, coccidiosis blackheads and swine enteritis in
poultry and pigs and mastitis in dairy cattle (Draisci et al.,
1997. It is an important growth promoter in ﬁsh and poultry
that promote weight gain and feed conversion efﬁciency
(McCracken and Kennedy, 1997; Cooper et al., 2004). It was
found at the time of questionnaire survey and also during per-
sonal interview that sometimes the hatchery workers treated
the post larvae in the tank with some chemicals, but they could
not mention the name. Cow dung is used as an organic fertil-
izer in shrimp farms for plankton growth. Our study revealed
that the prawn farms with organic and inorganic manuring
had lesser level of nitrofuran contamination. So, the chance
of transmitting residual drugs from cow dung can be nulliﬁed.
As observed, most of the CF, CF-OIF, OIF and WFF farms
were fed with agricultural waste waters (Table 7). Since all of
the WFF and most of the OIF operated farms had no nitrofu-
ran and chloramphenicol contaminations, agricultural waste
water might not have contributed to the deposition of antibi-
otic residues in shrimp/prawn muscles. We observed that
highly contaminated farms neither exchange water nor dis-
charge bottom soil for years together. Zero water exchange
system or zero bottom soil discharge system may transmit
deposited antibiotics to shrimps and prawns. Our ﬁndings have
got some similarities to that of RASFF notiﬁcation (European
Commission, 2002), which reported that aquaculture products
from Asian countries are frequently contaminated by AOZ
and SEM. From the total of nitrofuran metabolites notiﬁed
by the RASFF, SEM was the highest with 48.9%, 60.9%
and 71.0% of all nitrofuran notiﬁcations in the years 2004,
2005 and 2006, respectively (European Commission, 2002).
In our study it was also observed that SEM contamination
although nil in 2008 was 37.21% and 54.55% in 2009 and
2010, respectively (Table 2). On the other hand, AHD contam-
ination was 80.95% in 2008 but reduced to 18.60% in 2009 and
became nil in 2010 (Table 2). The reason behind these
58 M.N. Hassan et al.dissimilarities of ﬁndings can be understood through further
research.
Conclusion
Drug residue monitoring data and questionnaire survey re-
vealed that no farmer deliberately used nitrofuran and chlor-
amphenicol in their prawn and shrimp farms. But the
banned antibiotics were detected in the farmed prawns and
shrimps fed with both commercial feeds and homemade feed
with organic and inorganic fertilizers. However, the percent
of noncompliance for other nitrofuran metabolites except
SEM has been decreased signiﬁcantly. Prawns raised in farms
fed with commercial feed were contaminated more with nitro-
furan drugs and CAP than those raised with homemade feed
with organic and inorganic fertilizers. Overall, the occurrence
of nitrofuran and CAP contamination in farm raised prawns
and shrimps has been decreased signiﬁcantly in recent days.
It was understood that when the percent non-compliance
was reduced in pre-export consignment, the number of post-
export rejection decreased. In fact, post-export rejection was
nil in 2010 following a sharp decrease of non-compliance level.
This signiﬁes the importance of national pre-export control
that must be improved and the achieved standards should be
maintained. National Residue Monitoring Plan should be
intensiﬁed and shrimp/prawn farmers, feed processors and sell-
ers should be aware and involved in NRMP programmes
through appropriate traceability network linkage. All commer-
cial feeds should be strictly screened and any chance of delib-
erative, accidental or incidental leakage should be checked.
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